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The Distribution of the Fauna in the
Interstitial Habitats of Riverine Sediments of the Danube
and the Piesting (Austria)
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Dan L. DANIELOPOL
INTRODUCTION
The Danube, 2900 km in length, is the second longest european river. It is
commonly divided.in 3 sections: the upper Danube, middle Danube and lower
Danube (see Fink, 1967). In Austria (upper Danube section) the river flows in
an area varying in altitude between 293 m (Passau) and 139 m (Hainburg), and
it is a typical mountain river, receiving a large amount of water from the Inn
tributary (Liepolt, 1961).
Water flow and erosion are strong; large amounts of sand, pebbles and
gravel are carried and redeposited downstream in quiet sites near the shores
where they form large sediment banks; water turbidity is high. The water level
varies markedly up to 8 meters during the year; in the later part of the summer,
in autumn and winter it drops and large sediment banks are exposed (this is
especially noticeable in Lower Austria, downstream from the Ybbs-Persenbeug
dam-lake).
The aquatic interstitial fauna living in the riverine sediments of the Danube
was investigated in the Federal Republic of Germany by Schwoerbel and eco-
logical and faunistical results were published by this author (1959a, 1959b,
1961a, 1961b, 1962, 1964a, b, 1967), Laff1er (1961), and An der Lan (1962), in
Czechoslovakia by Ponyi and Ponyi (1961) and also by Andrassy (1962), in
Hungary by Dudich, Laszloffy (informations in Schwoerbel, 1967) and An-
drassy (1962), in Romania by Motas and coworkers (1947) and also by Orghi-
dan and Dumitrescu (informations in Schwoerbel, 1967). In Austria Vornat-
scher (1938, 1974) only gave some faunistical information concerning the river-
ine interstitial fauna of the Danube in several springs emerging in the bed of a
dead arm of the Danube (Lusthauswasser) near the Prater in Vienna.
Schwoerbel (1964b and 1967) reviewed the data concerning the interstitial
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fauna inhabiting the superficial groundwater of riverine sediments of the Da-
nube (Die hyporheische Fauna). He pointed out that the "hyporheic fauna"
of the Breg and Brigach in the Black Forest is qualitatively and quantitatively
very rich (many water mite species, high numbers of harpacticoids and insect
larvae as well as several hypogean isopods, cyc1opoids and ostracods). The
hyporheic fauna in the middle and lower Danube sections is qualitatively much
poorer, according to the information of Dudich and Orghidan (Schwoerbel,
1967); i.e. the water mite fauna is very meager and only few hypogean species
have been encountered, e.g. the nematode Chromadorina berczeki Andrassy
and the gastropod Hohenwarthia orghidani Grossu; no quantitative data are
available for the interstitial fauna occurring within these two Danube sections.
In 1973, Professor H. LaffIer (Limnological Institute of the Austrian Aca-
demy of Sciences) suggested a research program on the interstitial habitats of
the riverine sediments of the Danube between Ybbs-Persenbeug and Hainburg
(Lower Austria), as the habitats remain practically uninvestigate in this area
up to date and are submitted to different degrees of pollution. The differences
between the interstitial fauna of the riverine sediments of the Danube and
those of the Danube Valley (occurring in wells in typical groundwater) are of
interest as the river is sometimes highly polluted.
This project was also started since, in the next few years, most of the exposed
sediment banks of the Danube will disappear due to the construction of several
hydroelectric power-plants with dam-lakes.
For comparative purposes the interstitial fauna of another polluted stream,
namely Piesting, was also investigated. As the project is very extensive, coopera-
tion with several other institutes and colleagues was necessary.
For the field investigations I received assistance from the L>sterreichische Donau Kraftwerke (Dip\.
Ing. Schimunek), from the Nieder-L>sterreichische Landesregierung (Dr. Weninger), from the
Magistrat Wien (Dip\. Ing.-Leiner, from the Wasserwerke Department, Prof. Dosch, Dr. Jaksch
and Dr. Locker, from the Hygiene Anstalt). Several colleagues made faunistical identifications of
the material other than ostracods: Prof. Dr. Schwoerbel (University of Frieburg/Brig); Dr. Sket
(University of Ljubljana); Prof. Dr. Leiffler, Dr. Schiemer, Dr. Humpesch, Cando phi\. Eder (Lim-
nologisches Institut, Wien). Several people made technical suggestions on problems of hydroge-
ology and sampling methods: Dr. Nusbaumer (BUFA-Arsenal, Wien); Dr. A. Mangin, Dr. R. R.
Rouch, Dr. Bakalowich (Laboratoire Souterrain du C.N.R.S., Moulis); Dr. Hacker (Limnologi-
sches Institut, Wien). The following colleagues helped the author during field trips: Dr. Jungwirth,
Dr. Newrkla, Cando Phi\. Glatz, Cando phi\. Gross, Mr. Lanzenberger. Mr. Aigner (Biologische
Station, Lunz) constructed an apparatus for sampling groundwater. The bacteriological analyses
were performed by the staff from the Hygiene Anstalt, Wien (Dr. Jaksch and Dr. Locker). A
"Theodor Korner-Stiftungsfonds" grant was received for the completion of the research program
carried out during 1975. Miss Susan Powell improved the English form of the text.
To all these people and institutions the author expresses his gratitude.
SAMPLING SITES AND METHODS
The interstitial fauna of riverine sediments was sampled mainly using the
method of Bou and Rouch (1967), by pumping the groundwater with a hand
pump. The method of Karaman and Chappuis (by digging holes) was also used
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in some cases. The first method allows collection of water from the deeper as
well as the superficial layers. I used a stand pipe which has a perforated stretch
of 20 cm length situated at 7 cm from the apex with holes of 5 mm diameter
(5 raws). For quantitative samples 10,60 or 120 liters were pumped out and
each ten liters were filtered through a 80 Jl mesh plankton net and fixed in form-
aldehyde. For comparative purposes water samples from the river near the
riverine banks were collected (fig. I, 2, 4 and Tables I and 2). For the inter-
stitial fauna living in the wells, the Cvetkov sampler modified by Danielopol
and Dancau similar to that described by Bou (1974) was successfully used
(when qualitative samples were collected). For Norton pumps, the water was
directly filtered through a plankton net (50 Jl or 80 Jl mesh).
Fig. I. The location of the different sampling sites in Lower Austria. Numbers indicate the river-
ine sample sites; the letters the main areas where well fauna were investigated; (I - Ebers-
dorf (Melk), km-204l (L); 2 - Tulln, km-J963-5 (R); 3 - Wien I (Floridsdorf), km-J932.2
(L); 4 - Wien 2 (Reichsbriicke), km-J929.3 (L); 5 - Fischamend, km-1908.9 (R); 6-
Wildungsmauer, km-1892.5 (R); 7 - March, km-1880.2 (L); Wells a - Wien (north from
Floridsdorfbriicke); b, c - Tulln area; d - Thallern (Krems) area).
To estimate the efficiency of the Bou-Rouch pump for quantitative samples
of different groups of animals I quantified the fauna for each ten liters. The
first 10 liters are the most productive for the nematodes, the oligochaetes and
harpacticoids. The abundance of these groups decreases markedly in the fol-
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Table I. The list of sampling sites on the riverine banks of Danube and in the river bed of the
Piesting (Lower Austria).
A - Number of the different stations (see fig. I); B - Position of the stations according the Da-
nube km.; C - Position of the stations according the Danube banks (L - left bank, R - right
bank); D - Name of the nearest locality (in breackage the common name used for the sample);
E - Conventional notation of the sample; F - Date of the investigation; the water level of the
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Danube having tendency to decrease (t) or to increase (+); G - Method used (SH - Karaman-
Chappuis holes; P - Bou-Rouch pump; cross lines indicate that the investigations at different
depths were made in the same place); H - Conventional depth at which the groundwater was in-
vestigated (for the Bou-Rouch pump the depth is represented by the distance from the point of the
tube till the surface of the beach; for the Karaman-Chappuis holes the depth is represented by the
di-stance from the surface of the beach till the bottom of the hole); I - Distance from the river at
which the interstitial system was investigated.
A B C D E F G H
a Wien L North from F 17.06.73 PF 2S0 m1
Ploridsdorf- F2 -"- _."-
brucke F 31.08.73 PF 400 m3
F4 -"- - "-
FS
_n_ - "-
b Tulln R Donau Chemie 6 F-Donau 22.11.73 AC 20 m
+ Danube km- 1972 Chemie 6
c Durnrohr F-1246 _11- - "- 1.7 km
Kleinsch6nbichl F-12S0 - "- - "- 2S0 m
Zrontendorf a.d. F-1262 - "- - "- 2S0 m
Donau
1.losbierbaum F-1266 - "- - "- 4.5 km
Barndorf F-1272 - "- - "- 2 km
Kaindorf F-1274 - "- - "- 2.S km
Haria Ponsee F-1278 - "- - "- 2.7 km
Oberbierbaum F-1284 - "- - "- 3.7 km
d Thallern R Danube km 1997 F-1324 12.11.73. AC 700 m
(Krems) - "- 1995.S F-1326 - "- - "- 500 m
- "- 1996.S F-1328 - "- - "- 400 m
- "- 1998 F-1332 - "- _"- 250 m
Table 2. The list of the wells investigated in the Danube Valley in Lower Austria.
A - Number of the area investigated (see fig. I); B - Conventional name of the area investigated;
C - Position of the stations according to the Danube bank (L - left bank, R - right bank); D -
Name of the nearest locality or Danube km number; E - Conventional notation of the sample;
F - Date of the investigation; G - Type of wells; methods of investigation (Norton pump investi-
gated by simple filtration of the water - PF; wells with diameter exceeding 0.50 m, investigated
with the Cvetkov phreatobiological net, AC); H - Distance from the Danube river at which the
well is located.
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lowing samples (fig. 5, 6, 9, lOA, B). The largest amount of sediment, sand,
silt and fine gravel also occurs in the first 10 liters' (fig. 9F, G, H, I, J). These
data suggest that the nematodes, oligochaetes and harpacticoids which are
creeping forms and are closely associated with the substrate, are dislodged by
the water flowdrainage only in the area near the stand pipe.
The cyclopoids, the isopods, the amphipods and the ostracods seem to be
less dependent on the substrate and they are easily washed out by the flow of
the water from remote areas. This can be well noticed (fig. 9) in the Melk sta-
tion where 120 liters were pumped out and the fauna in the 1st, 7th and 12th
10 liters was counted. From these investigations one can conclude that the first
10 liters are already representative of the community which exists around the
stand pipe.
The 60 liters water and sediment are sucked from layers which most prob-
ably do not exceed 34 cm deep (it means 7 cm up and down around the perfor-
ated area of the pipe) according to Dr. Mangin's preliminary estimations (per-
sonal communication). This was partly confirmed in field sampling on the
March station where the very turbid and black water occurring at 3 m depth was
not sucked when the pipe was.introduced at the 2.50 m horizont (only clear water
without suspended material was obtained here).
In table I the conventional depth at which the groundwater was investigated is presented. For the
Bou-Rouch pump the conventional depth is represented by the distance from the surface of the
beach till the apex of the stand pipe. For convenience in the following discussion, I shall use only
the conventional depth values at which the groundwater was investigated. A more precise estima- .
tion of the area from which the interstitial water comes is possible by using pump tests and dye
tracer methods (Dr. Nusbaumer, personal communication).
The porosity and the permeability in deep layers of sediments are difficult to
estimate without expensive devices. In most of the cases in the area investigated
the riverine sediments are formed from pebbles, gravel, sand, silt and to a lesser
extent, stones. The larger the amount of gravel, sand and silt between corse
gravel, pebbles and stones, the lower is the degree of sorting, and the smaller
is the effective porosity* and permeability. In sediments with a low permeabili-
ty the water velocity is slow and the specific conductance of the water (electric
conductivity, due to the salts in solution) is high. From the amount of sediment
(fine gravel and sand) sucked out in the first 10 liters with the Bou-Rouch
pump and from the values for the electric conductivity of the interstitial water,
it is possible to obtain an idea on the magnitude of the porosity and the perme-
ability of the interstitial system, in different sediment layers (fig. 7). This infor-
mation is useful for determining faunal distribution.
The compaction of the sediments was estimated from the difficulties of in-
serting the pipe within the sediment.
The oxygen concentration was measured with electrodes of an oxygen meter
YSY -64 Yellow Spring (mean error :t 0.16 mgfl) directly in the stand pipe
* see also Castany, 1963.
INTERSTITIAL FAUNA OF DANUBE AND PIESTING 29
after short pumping tests which allowed elimination of the water introduced
from outside. In a new type of stand pipe the holes are closed with a plug
similar to those described by Williams and Hynes (1974), and oxygen can be
measured before the pumping, in undisturbed groundwater. Temperature
was measured in the stand pipe with the electrodes but it seems that more
precise data are obtained when temperature of the interstitial water is
measured with mercury thermometers after the water is pumped out.
.The organic material was approximated only by taking into consideration
the detritus fraction which remains in the plankton net after the washing
operation. The detritus amount was carefully separated by elutriation and
decantation and measured volumetrically using Schwoerbel's method (1961 a).
The fauna was concentrated by the same method as the detritus and
extracted under a low power stereo-microscope. Because I studied only
samples fixed in formaldehyde, only the following groups were considered:
rotifers, nematodes, oligochaetes, tardigrads, gastropods, bivalves, cyclopoids,
harpacticoids, cladocera, isopods, amphipods, syncarids, ostracods, water-
mites, insect larvae. The pump method of collecting the interstitial animals
and the elutriation-decantation method do not allow collection of the whole
fauna of the sampled area (most probably), but provides a good insight into
the relative abundance of the different animal groups.
For informations on the water quality degree (according to the Liebmann
scale) of the Danube and the Piesting I used the data published in the maps
"Biologisches Giitebild der Fliel3gewasser Niederosterreichs, Stand 1970/1971"
and "Biologisches Giitebild der Fliel3gewasser von Wien und Umgebung,
Stand 1972/ 1973" (1975) and the report published in 1975 by the Wasser-
wirtschaftskataster (Bundesministerium fiir Land- und Forstwirtschaft).
Some details on the most important sampling stations are given below:
I - The Ebersdorf ("Melk") area (fig. 2,3): Large banks emerged in this area during the summer
and autumn of 1973, 1974. The banks which are directly near the main water flow (fig. 2 the "a"
area) have a very low permeability and porosity; the groundwater accumulates in low amounts in
the holes dug one meter away from the river shore and it is impossible to obtain large amounts
of groundwater with the Bou-Rouch pump (in this last case large amounts of sediment are sucked
out). The compaction of the banks is very high and it is difficult to insert the pipe more than
0.50 m depth using a hammer of 10 kg. The fauna sample was very poor. A second site (fig. 2 "b",
km 2041.1) was found to be more productive. The sediment deposits are protected by a dam and
the river flow is attenuated (fig. 3). In this area, the groundwater accumulates quickly in the
Karaman-Chappuis holes and by the pump method, large amounts of interstitial water as well as
sediments were collected; these samples contained a rich fauna. From the results of pumping tests
made on 7.10.1973, it is suggested that the sorting grade of the deposits is low, as high amounts
of sediments (more than one liter) were sucked out (fig. 9F) both at 0.50 m and I m depth. It is
possible that below I m depth or lateral to the stand pipe, the sorting grade of the sediments is
better and a larger crevice system exists which enables the existance of a large number of isopods
and c:.dopoids (fig. 9B,C); in this area the water quality of the Danube has the degree 2 (from the
Liebmann's scale).
2 - Tulln station: The bank is situated about 50 m downstream from the Tulln mouth. The water
velocity of the river is high. The compaction of the sediments are not as high as in Melk. The
Danube is periodically (in autumn and winter) polluted by the waste of the sugar plants existing
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along the Tulln stream. The water quality of the first river is generally considered to have a
degree 2.
. ~ .C./ -.-
Fig. 2. The sampling site Ebersdorf (Melk): "a" and "b" stations where interstitial fauna was in-
vestigated.
3 _ Wien-Floridsdorf: The beach has a high compaction and a low permeability. In both super-
ficial and deeper layers the pump extracted large amounts of sediments with the water (fig. 91).
It was impossible to insert the stand pipe to more than 1.15 m depth. In this area the water of the
Danube has the degree 2 ~is the first sewage channel from Vienna on the right side (Briinnerstra~e
Entlastungskanal) opens downstream near the Floridsdorf bridge. No signs of chemical reducing
conditions were observed and moderate amount of detritus were found.
4 _ Wien-Reichsbriicke: Sand and gravel are deposited near the shore in a small bay protected by
a longitudinal dam (fig. 4A). Two places were investigated; the first one ("a") which is protected
by the dam, had a richer fauna than that of the station "b" which is more influenced by the water of
the Danube. From both sampling stations, high amounts of sediment and black coloured water
were collected. In the deeper layers of sediment, high amounts of detritus and chemical reducing
conditions were found (water smelling of H2S). In the area of Reichsbriicke the water quality of
the Danube has a degree of 2-3.
5 _ Fischamend: The compaction of the sediments is less than that of the sediments in Melk,
Tulln and Vienna. The water quality has the degree 4 as the station is located downstream to the
strongly polluted Schwechat stream and to Vienna.
6 _ Wild ungsmauer: The station is located in a dead arm of the Danube at about 100 m from the
river. The gravel bank emerges during low water. The compaction is very low. No signs of pollu-
tion were observed.
7 _ March: The bank is located upstream (about 50 m) from the March mouth. The sediment
bank formed mostly from gravel and sand is protected from the water flow of the Danube river by
a longitudinal dam. Sediment compaction is very low. This is the only place where the stand pipe
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Fig. 3. The sampling site Ebersdorf (Melk); A - view of area "a"; B -view of area "b".
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could be inserted down to 3 m. Groundwater was pumped out (fig. 4B) in 1973 from the area "a"
and in 1974 from area "b". According to the amount of sediment extracted, the porosity in the
superficial layers (0.75 to 1.50 m) is lower than that in the deeper layers (fig. 13) for point "b". At
3 m depth in the point "a", occurs a reduced horizon with a large amount of detritus, and fine
sediments with black coloured water smelling of HzS and with oil traces. The Danube water in the
"March" area has a water quality of 2-3.
8 - Piesting: The station is located upstream from Moosbrunn near the groundwater plant Moos-
brunn II, which will supply Vienna with drinking water. The Piesting stream in this area has a
water quality of degree 3. Large amount of Sphaerotilus natans and high numbers of the amphipod
Gammarus roeseli were found. The Coli and coliform bacteria have concentrations of more
than 100000 cells/IOO ml. The stand pipe was introduced directly under the streambed at 0.50-
0.70 m depth. Between 1000 and 1500 ml sediment were extracted. No signs of reducing chemical
conditions were observed. In this paper the fauna inhabiting only the subterranean waters will be
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Fig. 4. The sampling sites A - Wien-2 (Reichsbriicke) and B - March; "a" and "b" stations
where interstitial fauna was investigated (Schematic representation).
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termed "hypogean fauna" (the animals are troglobites sensu-Iato). The interstitial fauna which
can be encountered in surface water, too, is termed "epigean fauna" (the animals are troglophiles
and trogloxenes).
GENERAL DISTRIBUTION OF THE MAIN FAUNAL GROUPS
The following animal groups were investigated: Rotatoria, Tardigrada, Gas-
tropoda, Oligochaeta, Nematoda, Cyclopoida, Harpacticoida, Cladocera,
Ostracoda, Isopoda, Amphipoda, Insect larvae (mainly Chironomidae), Hy-
dracarina. The nematodes, the oligochaetes and the cyclopoids are the most
Table 3. The abundance of the different animal groups in the 1st, 7th and 12th "10 liter" samples
at km 2041.1 Ebersdorf (Melk); 7.10.1973; depth I m; n - number of animals.
Km-2041,1 (M ELK) 7.10.1973 h-1m
I VII XII
n 0/0 n °/0 n %
AMPHIRJDA 0 0 1 0,17 2 0)4
ISOPODA 1 1,20 95 16,78 194 33,44
CYCLOPOIDA 6 7,22 394 69,61 345 59,48
HAR PACTICO\) 0 0 0 0 0 0
OSTRACODA 1 1,20 14 2,47 18 3,10
CLADOCERA 1 1 20 10 1,76 2 034I ,
NEMA TODA 67 80,72 36 6 36 9 1,55
I
OL IGOCHETA 7 843 12 2 12 9 1 55
I , ,
I NS. LARVAE 0 0 4 0,70 1 0,17
HYDRACH.ARINA. 0 0 0 0 0 0
TOTALn 83 566 580
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Table 4. The abundance of the different animal groups in the 1st "10 liter" samples at km 1932.2
Wien.1 (Floridsdorf); ;n.and 29.09.73; depth 0.50 and 1 m)
Km-1932,2M'IEN FLorklsdorf) 27 - 29.09.1973
Pr.1 NEMAT OLIGO H.ARP.ACT - CYCLO OSTR.\ HYDRA~.~
nt
n 515 170 3 0 0 0 0 688
50cm
27.09 % 71.,85 21. ,70 0,43 a 0 0 0
ht
nt
n 531 118 0 25 21 1.0 11 71.6OOan
29.09 Yo 71,17 15,81 0 3,35 2,81 5,36 1, I.7
nt
n - number of animals in each group; nt - total number of animals in sample; %nt - the differ-
ent animal groups as % of the total number of animals found in each sample.
abundant groups (fig. 8, 9, A-E and tables 3, 4). In some of the samples, the
nematodes are the dominant group. This is the case in samples from Melk
(fig. 8G, H, 9A and table 3(1», Wien-Floridsdorf (fig. 90, E, table 4), Fischa-
mend (fig. 8K, L), where they represent between 60 and 80% of the total num-
ber, and in some samples from March (fig. 8A, O-F), where they represent be-
tween 50 and 67%. In samples in which the nematodes are numerically less
important, the cyclopoids are dominant, for instance from Melk (fig. 9B, C,
table 3 (VII, XII», from Tulln (fig. 81, J), where they represent between 55 and
75%, and some samples from March (fig. 8B, C), where they represent about
40-45%. The highest numbers of nematodes were observed in samples contain-
ing large amounts of sediment, for instance in Melk at 0.50 m depth (fig. 8E),
Wien-Floridsdorf (fig. 90, E, I), Fischamend (fig. 8K, L). This does not seem
to be a general rule, however, because in March (fig. 13) Il.l 0.1974, despite
the fact that there are obvious differences in the sediment at the 0.75 and 1.50
m samples, the quantitative differences of the nematodes are not so important.
In Melk, on 7.10.1973, the amount of sediment in the 0.50 and I m samples are
rather similar (about 1300 ml) but there are large differences in the number of
nematodes (1032 against 67 specimen).
It is interesting to notice that in the deeper layers (I m) in Wien-Floridsdorf,
the nematode association (represented by 7 species) is dominated (more than
80%) by a hypogean species belonging to the genus Theristus (Dr. Schiemer
and Cando phil. Eder, deL). This last species represents only 60% in the upper
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Fig. 5. The abundance of several animal groups as a percent (calculated from the total number of
animals of each group found in 60 liters) in 6 successive samples of 10 liters (water and
sediment); A, D, G - Amphipoda; B, E, H - Cyclopoida; C, F, I - Nematoda and Oli-
gochaeta; A, C and G-I - depth 0.50 m; D, F ~ depth 1.35 m.
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Fig. 6. The abundance of several animal groups calculated as the number of animals of each group
found in 60 liters in 6 successive samples (Ww - Walterel/a weberi, SoC - Soldanel/onyx
chappuisi, PrS - Proasel/us slavus, ex - specimen).
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layer. In the Piesting sample at 0.50-0.70 m depth a remarkable hypogean
species, Stenonchulus troglodytes was found (Eder, 1975). The most important
number of cyc1opoids occurs in samples with low amounts of sediment [for
instance in Melk samples VII and XII at 7.10.1973 (table 3 and fig. 9B, C)].
The insect larvae and harpacticoids are very poorly represented (fig. 8, 9, 10,
13 and tables 3 and 4). The insect larvae are represented mostly in the super-
ficiallayers from Melk, Tulln, Wien-Reichsbriicke and March. In the samples
from deeper layers, the insect larvae are less abundant or they are lacking (fig.
10e, D). The harpacticoids do not represent more than 3.5%, except in the
samples from Wien-Floridsdorf (I m depth) (table 4) and Moosbrunn-Piesting
(0.50-0.70 m depth) (fig. II E). In these latter cases the harpacticoid fauna (deL
Prof. Laffler) is dominated by a hypogean species of the genus Parastenocaris*.
The harpacticoids from the upper layers of Wien-Floridsdorf and March are
epigean species. In the last station at 0.50 m Campthocamptus staphylinus
occurs (deL Dr. Neuhuber).
The c1adocera, rotifers, gastropods, tardigrads are insignificant groups in all
the samples. They make up less than 3% and occur mainly in the upper inter-
stitiallayers (fig. 8, 9, II E, 13, table 3). The isopods are represented by the hy-
pogean species Proasellus slavus (Dr. Sket deL). This species occurs mainly in
deep layers at Melk. The highest numbers are registered in samples with little
sediment (fig. 9; VII, XII. In this last sample they represent 17% of the total
fauna). Few specimens of P. slavus were found in a sample from March (table
5). The amphipods are represented only by hypogean species (blind and unpig-
mented); they have been found in March, Fischamend and Melk. The highest
numbers occur in several samples from March (fig. 5A, 0, G and 8B, C) in
upper layers (0.50 m) as well as in deeper layers (1.35 and 1.95 m). They usu-
ally represent less than 10% of the total fauna, an exception being a sample
from 1.35 m (fig. 8B).
The ostracods generally make up less than 10% of the total fauna (fig. 8,9,
10, II E). Most of the specimens belong to hypogean species (Kovalevskiella
sp., Mixtacandona laisi vindobonensis, M. aff. transleitJianica. Cryptocandona
kieferi, Pseudocandona aff. szosci, Fabaeformiscandona wegelini). In the
deeper layers from Wien-Floridsdorf (table 4) Kovalevskiella sp. occurs, F.
wegelini and M. laisi vindobonensis occur in Melk, C. kieferi in Tulln and P.
aff. szosci (fig. II D) is mostly present in deeper layers (1.35 m) from March.
In the samples frorr, Wildungsmauer the ostracod fauna is represented by an
epigean species, Limnocythere inopinata (fig. IIA). In March an epigean os-
tracod, Pseudocandona albicans (fig. II D) was found more abundant in the
upper layers.
The Hydracarina are represented only by limnohalacarids (epigean and hy-
*) In the Samples from Piesting, a specimen of Nitocrella sp. has also been found and the epigean
harpacticoids are represented by 5 Bryocamptus species: B.typh/ops. B.zschokkei. B. weberi
B.echinatus. B.pygmaeus.
INTERSTITIAL FAUNA OF DANUBE AND PIESTING 45
pogean species). They are common both in the surface (up to 10%), and in the
deeper layers (up to 5%) in Tulln (fig. 81, J, IIA). In Wien-Floridsdorf they
occur only in the deeper layers (fig. 9E and table 4). They are present in low
numbers in a sample from March in 2.40 m depth (fig. 8F). The following
species were found (det. Prof. Schwoerbel): Walterella weberi (epigean species)*
in Melk, Tulln (I12 specimen!), Wien-Floridsdorf, Wildungsmauer and March,
Parasoldanellonyx parviscutatus (epigean species) in Tulln, Soldanellonyx
chappuisi (hypogean species according to Schwoerbel, personal communica-
tion) in Wien-Floridsdorf (fig. 6G). W. weberi is more abundant in the super-
ficial layers (fig. II B) from Tulln. S. chappuisi (fig. 6G) and P. parviscutatus
(fig. II B) have been found in the deeper layers of the riverine banks investi-
gated. .
If one compares the faunistic data presented above with that presented by
Schwoerbel (I96Ia) for the Breg (fauna collected in Karaman-Chappuis holes
dug to maximum 50 cm depth) several features are obvious:
I) The most abundant groups are not the insect larvae and harpacticoids (as is
the case of the Breg, where the latter group could represent more than 50% of
the total fauna in some samples and the insect larvae about 30%) but the nema-
todes, oligochaetes and cyclopoids.
2) The absence of hydrachnellids, many species of which were found in the
hyporheal of the Upper Danube area investigated by Schwoerbel (I961 band
I964a), is another striking feature. Several explanations can be offerred for
these differences: I) The compaction and the low effective porosity of some
sediments could limit the population of the interstitial system in some cases.
This may be the case in the riverine sediments occurring in Melk, Wien-Flo-
ridsdorf and Reichsbriicke, in the upper layers of Fischamend and on Piesting
at Moosbrunn, but this is certainly not the situation in March, Wildungsmauer
and, to a lesser extent, in Tulln. 2) The hydrachnellids, the harpacticoids and
the insect larvae are less well represented than the nematodes and cyclopoids
in the Danube river (area investigated). Comparing the biomass of oligochae-
tes and chironomids in several samples collected in the Danube at Bratislava,
Ertlova (1968) found that the former group is more abundant than the latter.
In samples from the Danube at Melk, Wien, Fischamend and March insect
larvae and harpacticoids occur, but I could not find any hydrachnellids. In the
Upper Danube, Schwoerbel (I 964a) found a rich fauna occurring in unpolluted
areas.
The comparative lack of hydrachnellids and the scarcity of insect larvae in
the austrian area investigated are not due to the sampling method (Bou-Rouch
pump). Similar results were obtained even when the Karaman-Chappuis meth-
od was used (see table I) in the way of Schwoerbel.
Ruffo (1961) also found few insect larvae and the lack ofhydrachnellids in
the riverine sediments of Adige near Verona (a middle altitude area).
*) Wa/terella = Poroha/acarus.
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REMARKS ON THE INTERSTITIAL FAUNA IN TERMS OF
VERTICAL DISTRIBUTION
In the March area where samples were collected in 1973 down to 3 metres
(station "a"), the highest densities occur in the upper 1.50 m (see fig. II F, 12
and table 5). This is also the case of the samples from 1974 (fig. 13). In this
latter case, oxygen concentration, organic material and sediment were also
measured. There is a large difference in the faunal distribution and the amount
of sediment and detritus (fig. 13), between samples from upper layers (0.75
and 1.50 m) and those from the deeper one (3 m). The maximum abundance of
the fauna in the upper layers is most probably due to a complex of factors in
Table 5. The abundance (number of animals) of the different animal groups in 60 liters, from v~ri-
ous depths in the "March" bank.
Km 1e82,2 (MARCH) 2~. 091973 /60 !
A Izo Cy Ha Os Cl Ne 1m I II I.L. I Hy
O,50m 13 0 59 11 2 1 184 i l,O I 1 I 0! I ,
1,35ni l.0 2 1,1,5 o - 26 0 69 I 24 i 0 -j 0i ,
l,50ml 3 I 0 95 0 3 0 6 8 [, J I 0----j-
rl2,4Qn 1 0 27 0 a 0 10 '. 0 2L :
Total 57 2 626 11 31 1 291 82 2 2i
Km 1982,2 (MARCH) 17.10.1973 /601
0.50m 69 0 805 8 3 4 2'2>'2>111 I 10 0
U5m 2 0 32 0 3 0 38 18 3 0
1.95m 2 0 4 0 0 0 26 20 0 0
2.5(Jn 0 0 2 0 0 1 7 0 0 0
Total 73 0 843 8 6 5 359 11,9 13 0
List of abbreviation for the different animal groups: A - Amphipoda; Iso - Isopoda; Cy - Cy-
c1opoida; Ha - Harpactoida; Os - Ostracoda; Cl - Cladocera; Nc - Nematoda; IL - Insect
larvae; Ro - Rotifera; Hy - Hydracarina.
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which food supply, effective porosity and oxygen concentration together play
an important role. The low value of the oxygen concentration of the interstitial
water alone do not seem to be a restrictive factor, a rich fauna occurs at the
1.50 m depth of March (fig. 13) but not at 3 m (both of which have the same
O2 concentration of 0.4 mg/ I). Only strong chemical reducing processes oc-
curring in deeper layers, as in Wien-Reichsbriicke (point b, I m depth), and
March at 3 m, in the station "a" (samples from 1973), can completely eliminate
the interstitial fauna.
The investigations of Schwoerbel (1961 a), Husmann (1966), Rouch (1971),
Lecher-Moutoue (1974) and Williams and Hynes (1974) showed that the epi-
gean fauna decreases in quantity and in some cases the hypogean fauna in-
creases both qualitatively and quantitatively with the depth of the interstitial
sediments. Such patterns were also found for some groups in the area investi-
gated (fig. 6G, H and II A-D for the limnohalacarids, isopods*, ostracods and
harpacticoids).
An interesting difference was observed in the vertical distribution of the
fauna between the samples from March station "a" collected on 28.09.1973 and
those on the 17.10.1973 (fig. 12 and table 5).
In September, the water level of the Danube drops; at the beginning of Oc-
tober it rises due to rainfall. In the samples from September, the total fauna
and the main hypogean and epigean animals are distributed in the 1.35 m layer,
this is the case for the amphipods, ostracods, cyclopoids; only the nematodes,
harpacticoids and the oligochaetes are more abundant in the upper layer (0.50
m). In October the total fauna as well as the most important animal groups
(amphipods, cyclopoids, harpacticoids, nematodes, oligochaetes and insect
larvae) occur in the upper layer (0.50 m). It is difficult, at present, to explain
these differences, but migration within the interstitial system, and penetration
of new surface animals into the upper sediment layers seems to be a plausible
hypothesis. For the oligochaetes, nematodes and cyclopoids a new invasion
from the river could explain the increased number in the upper layers (table 5).
REMARKS ON THE LIMNOHALACARIDS DISTRIBUTION
Schwoerbel (196Ia) and Husmann (1966) considered that the riverine inter-
stitial habitat could be divided into two ecological zones i.e. "Hydrachnellen
Zone" (the upper layers) and the "Limnohalacariden Zone" (the deeper layers).
At the point at which limnohalacarids disappear, according to Husmann (1966),
the true groundwater habitat, the eustygal, begins. This assumption is based on
the fact that up to date the limnohalacarids have seldom been found in wells
remote from the river shore (Husmann and Teschner, 1971). The faunistical
*) The hypogean i~opod Proasellus slavus occurs also in wells remote from the Danube river. in the
Tulln area (F-1246, F-1284, Donau-Che-6, see table 2 for the location of the wells).
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investigations carried out on the wells from Krems- Thallern, Moosbrunn
(Piesting) and Wien (Danube) in lower Austria showed that the limnohalacarids
occur sometimes in quite important numbers. In the area Krems- Thallern in the
Danube Valley, the limnohalacarids were found in 3 wells located at distances
varying from about 200 m (well Of. 1332) to about 750 m (well Of. 1324) (fig. 14).
Both epigean and hypogean species have been found as in the Danube riverine
sediments (w. weberi, S. chappuisi and P.parviscutatus). The highest number of
limnohalacarids occur in the well Of. 1326 which is located at about 600 m
remote from the Danube shore; here 36 specimen were found. From the total
number of specimen caught in the wells from area Krems- Thallern (48 specimen)
75% are P. parviscutatus, 18.75% S. chappuisi and only 6.25% represent W.
weberi. In a well from Moosbrunn at 12 m away from the Piesting and in a well
from Vienna (F3) 400 m remote from the Danube) W. weberi (2 specimens) were
found. This result invalidates the possibility of differentiating the eustigal from
the rhitrostygal, using the limnohalacarids as bioindicators.
THE DISTRIBUTION OF THE FAUNA IN CONNECTION WITH
THE POLLUTION OF THE RIVER
In lower Austria upstream from Vienna the water quality of Danube has de-
gree of 2. In Vienna and downstream as far as the border, the water quality
degree varies from 2-3 to 4.
The hypogean fauna has been found in sediment banks where the Danube
has a water quality degree of 2 (Melk, Tulln, Wien-Floridsdorf), 2-3 (March),
4 (Fischamend) (see the previous chapter). In the station Wien-Reichsbriicke,
situated downstream from the sewage channels of Floridsdorf, the Danube has
a water quality of 2-3. However, the interstitial water in the investigated area
(fig. 3) is generally black suggesting a marked pollution of the interstitial hab-
itat. Only epigean fauna was found in this station (fig. JOC, D, E), in samples
from point "a", in superficial and deeper layers (0.45 m and 1.5 m), and in
superficial layers from point "b" (0.60 m). In the point "a", situated in a shelter-
ed area close to the shore (0.50 m distance), the superficial layers contained a
rather high number of animals (fig. 10q, mostly nematodes, oligochaetes and
cyclopoids. In the deeper layers, the number of animals is much lower (fig.
10D). In the point "b", situated in more direct contact with the main river
flow, the fauna is poor, only some nematodes and cyclopoids (fig. JOE). Neith-
er hypogean nor epigean fauna occur in deeper layers from Reichsbriicke,
point "b" (1.20 m depth) and March point "a" at 3 m depth (samples from
1973). In both cases, evident signs of chemical reduction have been found
(large amounts of black detritus, water smelling of H2S). At this last station,
accumulation of fatty substances (most probably mineral oil) was also observ-
ed. In Wien-Reichsbriicke, in the deeper layers at point "b", a large number of
empty both adults and juveniles carapaces belonging to the hypogean ostra-
cods Kovalevskiella sp. and C. kieferi were found. It is possible that the in-
creasing pollution at this station eliminated the hypogean ostracods. Kova-
°levskiidla sp. occurs in the deeper layers (1-1.20 m) of sediment from Wien-
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Floridsdorf (table 3). Then in August 1974 the interstitial water from the latter
station has an oxygen content of 3.8 mg/ I in 0.70 m depth, and at Reichsbriicke
in 0.80 m depth, only 0.4 mgfl (the Danube water, at both stations, has a con-
tent of 8.7 mg/ I).
In Fischamend, despite the marked river pollution (water quality degree 4),
hypogean amphipods were found (fig. 8K, L). The interstitial water of this
station is brown and no signs of chemical reduction similar to those found in
Reichsbriicke were observed. The pollution of the Piesting in the area of Moos-
brunn is also rather high (water quality degree 3, the stream bed is covered
with Sphaerotilus natans). At 0.70 m under the stream bed a rich fauna was
found (fig. IIE). The presence of high numbers of hypogean animals, like har-
pacticoids (Parastenocaris sp. - 66 specimen and Nitrocrella sp. (I specimen),
det. Prof. Laffler), ostracods (Mixtacandona sp. aff. transleithanica), syn-
carids (Bathynella sp.), nematodes (Stenonchulus troglodytes, Eder, 1975) is
striking. It should be pointed out that the number of the Coli and coliforme
bacteria decreases from 100000 cells/ ml, in the surface water, to 3750 cells/ ml
(det. Dr. Jaksch) in the sediments at 0.60 m depth. In the case of Piesting, the
filtration process by the sediments and by the Sphaerotilus natans seems to be
the main factor allowing the maintenance of a rich interstitial fauna, with many
hypogean elements. Liebmann (1960) has already pointed out the importance
of Sphaerotilus natans in the filtration process of the riverine water.
These data show that localised high pollution of the interstitial system (as
in Wien-Reichsbriicke and March point "a" at 3 m depth) may also be present
in areas where the river has not a too bad water quality degree (2-3).
One can conclude that only high pollution inside the interstitial habitat
eliminates the hypogean fauna and the epigean fauna disappears mainly in
those areas with marked chemical reducing conditions.
SUMMARY
The interstitial fauna living in the riverine sediments of the Danube and Piesting have been in-
vestigated in Lower Austria. The nematodes, oligochaetes and cyclopoids are the most abundant
groups (they represent up to 80% of the total fauna). The harpacticoids, the insect larvae, the iso-
pods, the amphipods, the cladocera and the limnohalacarids are poorly represented (generally
under 20% of the total fauna). The absence of hydrachnellids is striking. The vertical distribution
of the interstitial fauna shows for several groups i.e. limnohalacarids, ostracods, isopods, harpac-
ticoids, that the epigean species are quantitatively better represented in the upper sediment layers
instead of the hypogean species which are more abundant in the deeper layers. At one of the sites
where samples were taken down to 3 m, most of the interstitial fauna was concentrated in the
upper 1.50 m. The occurrence of limnohalacarids in the wells from the Danube Valley and the
Piesting area shows that the repartition of this group is not restricted to the rhitrostygal zone. The
distribution of the interstitial fauna ill connection with the pollution of the river is discussed. High
pollution inside the interstitial habitat eliminates the hypogean fauna and the epigeans disappear
mainly in those areas with marked chemical reducing conditions.
RESUME
La faune interstitielle dans les sediments alluvionaires Ie long des rivages du Danube (en Basse
Autriche) ainsi que sous Ie lit du ruisseau Piesting a ete etudiee. Les Nematodes, les Oligochetes
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et les Cyclopoides sont les groupes les plus abondants. lis representent jusqu'a 80% de la faune
totale. Les Harpacticoides, les larves d'Insectes, les Isopodes, les Amphipodes, les Cladoceres et
les Limnohalacarides sont faiblement representes, en general en des sous de 20% de la faune totale.
II est ;i remarquer l'absence des Hydrachnelles. .
La distribution verticale de la faune interstitielle montre pour certains groupes d'animaux (Lim-
nohalacarides, Ostracodes, Isopodes, Harpacticoides) que les especes epigees sont quantitative-
ment mieux representees dans les sediments superficiels et les especes hypogees dans les sediments
profonds. Dans une des stations ou des echantillons de faune interstitielle ont ete preleves jusqu'a
3 m de profondeur, on remarque que la majorite de la faune est concentree dans les sediments
superficiels (jusqu';i 1,50 m de profondeur). La decouverte de Limnohalacarides dans les puits de
la Vallee du Danube et du Piesting suggere que ce groupe n'est pas strictement limite a la zone du
rhitrostygal. La distribution de la faune interstitielle en fonction de la pollution de la riviere est
discutee. Une forte pollution a I'interieur du systeme interstitiel peut eli miner la faune hypogee,
tandis que la faune d'origine epigee est eliminee surtout dans les zones ou des conditions de reduc-
tion chimique sont presentes.
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